Pepsinogens are low molecular weight proteins synthesised by the gastric mucosa; they are also present in blood and urine. They are the precursors of the gastric pepsins.2
Using polyacrylamide gel electrophoresis (PAGE) of sonified human gastric mucosa biopsy specimens followed by staining for proteolytic activity, it has been shown that seven pepsinogen isozymogens occur in man.
They are numbered Pgl-Pg7 in order of decreasing anodal mobility.3 Biochemically they can be divided into pepsinogen A (PGA), isozymogens Pgl-5, pepsinogen C(PGC) and isozymogens Pg6-7.' PGA is the precursor of pepsin A (EC 3.4.23.1); PGC is the precursor of pepsin C (EC 3. 4 
.23.3).'
The relative intensities of the PGA isozymogens after electrophoresis are genetically determined. 56 Furthermore, an association between PGA isozymogen patterns with an intense Pg5 band and malignant or premalignant lesions of the gastric mucosa has been reported.7`0 PGA concentrations in the urine (200-1000 pg/l) permit visualisation of the PGA isozymogen patterns with activity staining.
The PGA pattems in the urine do not entirely match those in gastric mucosa.1' " The differences have been ascribed to a different reabsorption of the various PGA isozymogens by the renal tubules.'2 Therefore, PGA isozymogen patterns obtained from the blood might reflect more accurately the PGA patterns in the gastric mucosa. Due to low PGA concentrations in the blood and the presence of large amounts of albumin, however, a more sensitive technique is required to visualise serum PGA patterns. In this study we report the development of an immunoblot technique that was used to visualise PGA isozymogen patterns in gastric mucosa biopsy specimens, serum, and urine.
Methods Serum samples and gastric mucosal biopsy specimens were obtained from patients undergoing routine endoscopy at the Department of Gastroenterology. Samples were frozen at -20°C until analysis. Urine samples were obtained from healthy volunteers. Samples were kept at 4°C and analysed within one week. Supernatants of sonified gastric mucosal biopsy, serum, and urine specimens were treated according to the routine protocol in our laboratory.6 Samples were diluted in electrophoresis buffer up to a volume of 50 al. Subsequently, 25 ,l of stacking gel buffer containing 4000 (w/v) sucrose and 01 g/l bromophenol blue was added. Bromophenol blue was used to minitor both the albumin fraction and the electrophoresis front.
POLYACRYLAMIDE GEL ELECTIROPHORESIS (PAGE)
Gels were prepared according to a slight modification of the methods routinely used in our laboratory.6 Modifications consisted of an increase in buffer concentrations to reduce the effect of high protein content on the serum: stacking gel buffer: 51 mmol/l TRIS, 49 mmol/l H3PO4 (pH native human plasma (pepsinogens in this plasma were destroyed first by heating the plasma for 45 minutes at 57°C). The blot was then washed as described above and incubated for two hours at room temperature with biotin labelled rabbit anti-goat IgG (1 in 1000 dilution of the stock solution in incubation buffer; Sigma Chemicals, St Louis, Missouri, USA).
After another wash cycle the blot was incubated with avidin alkaline phosphatase conjugate (1 in 1000 dilution of the stock solution;
Sigma Chemicals) for two hours at room temperature in incubation buffer. After washing as described above the blot was placed in enzyme substrate buffer to develop colour. The enzyme substrate buffer consisted of 100 mmol/l TRIS-HCI (pH 9-55), 100 mmol/l NaCl, 2 mmol/l MgCl2, 0-03 mmol/l phenazine methosulphate, 0 3 mmol/l 5-bromo-4-chloro-3-indolyl phosphate p-toluidine salt (BCIP), and 0-2 mmol/l nitro-blue tetrazolium (NBT) in high power liquid chromatography grade water. When the incubation was complete (10) (11) (12) (13) (14) (15) Serum PGA patterns could be visualised with the immunoblot technique in 18 ,l of native serum of more than 100 subjects, with PGA concentrations ranging from 25 to 110 pg/l. In four subjects serum PGA patterns were compared with PGA patterns of the gastric mucosa obtained with activity staining. No obvious differences in PGA isozymogen patterns were found (fig 3) .
Discussion
Visualisation of PGA isozymogens after PAGE used to be achieved by showing proteolytic activity after conversion of the pepsinogen isozymogens into pepsin by acidification. This technique requires the presence of a considerable amount ofPGA, and serum concentrations of PGA are too low to be visualised in native serum by activity staining, and the use of larger volumes of serum is prohibited by the presence of large amounts of albumin because, due to its strong negative charge, albumin migrates along with the pepsinogens. Separation of the pepsinogens from the serum albumin fraction is time consuming and requires large amounts of serum. Moreover, the value of the relative intensities of the PGA isozymogens in the activity staining after such procedures remains questionable.
In this study we have shown that PGA isozymogen patterns can also be obtained with an immunoblot technique from sonified gastric mucosal biopsy and urine specimens. Usually, proteins are blotted on to nitrocellulose sheets, but we favour the use of PVDF membranes for this purpose as in earlier experiments only weak PGA patterns from gastric mucosal biopsy specimens were obtained with nitrocellulose membranes. This was most probably due to a lack of binding of the pepsinogens to these membranes, as the presence of PGA could also be shown on two other nitrocellulose membranes placed at the anodal side of the first one. In similar experiments with PVDF membranes, pepsinogens could only be shown on the first membrane, even after prolonged blotting.
Both PGA and PGC isozymogens can be shown in the gels with activity staining. Therefore, to compare activity staining and immunoblotting of gastric mucosal biopsy and urine specimens, incubation with antibodies against PGA and antibodies against PGC was carried out. Both PGA and PGC isozymogens were shown in gastric mucosa. In urine PGC isozymogens are almost absent and were therefore neither visualised by activity staining nor by immunoblotting (fig 1) .
Peptic enzyme activity does not necessarily reflect the amount of protein present in the gel. Relative intensities of the isozymogen bands in the blot were similar to those obtained by the proteolytic activity staining, suggesting that the differences in intensity in the activity stained gels did, indeed, reflect a difference in the amount of isozymogen and not merely a difference in proteolytic activity between the PGA isozymogens.
Laser densitometric scanning of pepsinogen isozymogens after activity staining of gels has been described previously, and the linearity of the method was shown in a dilution series." In our study densitometric scanning was applied to immunoblotting. Dilution 
